The antimicrobials allowed and amounts sold in veterinary and human medicine in France were compared to see if the same antimicrobial drugs are used in veterinary and human medicine, and to the same extent.
Introduction
Surveillance of antimicrobial usage has been widely recommended internationally in recent decades and data collection promoted in all sectors of use (human medicine, veterinary medicine and agriculture). 1, 2 In respect of these recommendations, two independently managed systems to monitor antimicrobials sales in France were implemented in human 3 and veterinary medicines 4 (agricultural usage being banned in France).
A first joint quantitative analysis of rough data pertaining to animal and human antimicrobials usage was initiated in the European Union in the late 1990s. 5 The aim was to compare the tonnage of active ingredients used in European human and animal populations and thereby indirectly estimate the respective contributions to antimicrobial resistance. 6 In the following years, comparisons in some countries such as Norway 7 and the United Kingdom 8 were based on the volume of antimicrobials delivered. More recently, as part of the benefit/risk analysis of antimicrobial use in veterinary medicine, international organizations initiated a joint qualitative analysis of antimicrobial usage in human and veterinary medicines, based on the critical antimicrobial concept. 9 In 2003, the French Food Safety Agency was asked to prepare a report on the veterinary use of antimicrobials, antimicrobial resistance and its public health impact, 10 in which antimicrobial usage in humans and animals was measured and compared for the first time. The updated and detailed results of this comparison of human and veterinary use of antimicrobials in France are presented here. The antimicrobials authorized in veterinary and human medicine were checked and quantities used from 1999 to 2005 were compared to see if the arsenal and patterns of use differed across populations or during the period.
Materials and methods

Inventory of antimicrobials approved in human and veterinary medicine
Antimicrobials for use in humans and animals in France are only available as prescription drugs. To be prescribed and delivered by pharmacies and veterinarians, commercial antimicrobial products must have previously obtained authorization. A register of all approved commercial formulations is kept and regularly updated by national agencies, namely the French Agency for Veterinary Medicinal Products (AFSSA ANMV) for animals and the French Health Products Safety Agency (AFSSAPS) for humans.
The antimicrobial classes approved in human and veterinary medicines, respectively, were checked against the Anatomical Therapeutic Chemical (ATC) classification of human products, 11 and the ATC veterinary classification (ATCvet) for veterinary products. 12 All ATC and ATCvet groups have been considered (i.e. groups for systemic use, alimentary tract, genitourinary system, dermatological use and sensory organs). Subgroups were considered within some ATC classes, as detailed in Table 1 . Whenever an antimicrobial was approved for human or animal usage in 2007, its whole class or subgroup has been ticked as approved for human or animal usage.
Sales of antimicrobials
We used data collected from systems already existing in France to monitor the annual sales of veterinary and human antimicrobials. 3, 4 Antimicrobials sales and antimicrobials usage or consumption are therefore intended to be considered as synonyms in this study.
Sales of antimicrobials for veterinary use are monitored according to the OIE guidelines on Monitoring of Antimicrobials, 13 which recommend that Member Countries monitor the amounts of antimicrobials used in animal husbandry to evaluate usage patterns by antimicrobial class. This monitoring programme is coordinated on a voluntary basis by the AFSSA ANMV, in collaboration with the French Veterinary Medicine Industry association. It has been carried out, with financial support from the French Ministry of Agriculture, since 1999. The methodology is based on a questionnaire sent to every applicant who has registered a veterinary medicinal product containing antimicrobials. Every December, a letter is sent from the AFSSA ANMV to the marketing authorization holder requesting details of the number of units of each commercial formulation of each veterinary medicinal product sold. These figures must be supplied for the period between 1 January and 31 December of the year in question. The sales of each formulation are cross-referenced with data in the AFSSA ANMV (qualitative and quantitative composition, pharmaceutical form and target species).
French data on antimicrobial use in human outpatients and inpatients were collected to meet national and European requirements. The follow-up of antimicrobial usage is one of the indicators adopted by the French Public Health Law to measure the development of collective exposure to antimicrobials. France also contributes to the ESAC project (European Surveillance of Antimicrobial Consumption), created in 2001 with the aim of collecting comparable and reliable data concerning antimicrobial use in Europe.
14 In both cases, the same methodology is used to measure these consumption levels and their trends. The French processed data are independent and derived from annual statements that pharmaceutical companies have to send to AFSSAPS for a tax based upon turnovers. These comprehensive data provide accurate sales information for each formulation and distinguish between in-and outpatient sectors. They can thus be used to monitor in-and outpatient antimicrobial usage and include all the information (i.e. dose, packaging size and annual sales of each packaging) required to calculate the amount of defined daily doses (DDDs) or weight of active ingredient in tonnes. All routes of administration, including topical ones, were considered in this study.
The antimicrobial sales data collected from 1999 to 2005 were considered. To manage data from both monitoring systems, the ATC and ATCvet drug classifications were used, in the same way as for the qualitative comparison of approved antimicrobials.
The unit of measurement chosen to express the amounts of active ingredient sold for both human and veterinary use was tonnage. Antimicrobials expressed in International Units were converted to mass of active ingredient, according to the WHO standard values. With veterinary antimicrobials it is difficult to express the results for each species, as the same veterinary medicinal product can be indicated for several species and the sales per species can only be estimated. 4 For the purpose of this study, all animal species were considered together but a distinction was made between pets and farm animals whenever possible.
Human and animal antimicrobial usages were compared by expressing the data as the quantity of active component sold in relation to the biomass liable to be treated. This can be considered as an indicator of selection pressure. The biomass denominator was calculated annually from a population census combined with live weight estimates. In veterinary medicine, all potentially treated animals were considered, including pets and minor species. Annual detailed national inventories from the French Ministry of Agriculture were used for major species such as swine, cattle, sheep, goats, poultry species and horses, 15 professional declarations were used for farmed fish and game, and survey results were considered for pet populations. 16 For animals slaughtered during the year, the amount of live weight slaughtered was considered. For animals in place at the end of the year, such as sows, boars and lactating cows, calculation of the biomass liable to be treated was based on the numbers combined with live weight. In human medicine, data from the annual census of the French population by age and sex (from the National Institute for Statistics and Economic Studies) 17 were combined with the corresponding average body weights per age and sex obtained from health insurance statistics. 
Results
Comparison of antimicrobials approved in human and veterinary medicine
Results from the comparison of approved antimicrobials are given in Table 1 Usage in veterinary medicine The oral route was the main administration route, accounting for more than 88% of sales, the estimated sales for parenteral use being 10.5%. According to the applicants' declarations, at least 92% of antimicrobial tonnage was intended for foodproducing animals. Almost 64% of cephalosporins were intended for pets. Table  S2 ; available as Supplementary data at JAC Online (http:// jac.oxfordjournals.org/)]. The breakdown of consumption levels in tonnes reveals the prominence of b-lactams, which constituted more than 50% of the total consumption and even rose slightly during the study period. Cephalosporin consumption dropped, however (which accounts for the total consumption of 'other b-lactams' in outpatients). Formulations for local application accounted for a minor part of the total consumption (6.9% in 1999 and 7.4% in 2005). Consumption by outpatients accounted for 88% on average of the total human consumption.
Usage in human medicine
Comparison of sales data
The contribution of human and veterinary medicines to total use of the different antimicrobial classes recorded in France in 2005 are represented in Figure 3 . Some classes were used almost exclusively either in animals (aminoglycosides, amphenicols, polymyxins, tetracyclines) or in humans (nitrofuran derivatives and other antimicrobials). Tetracyclines and sulphonamides/trimethoprim accounted for the highest sales in veterinary medicine (50.4% and 18.8%, respectively, of total veterinary antimicrobial sales in 2005). These two classes represented just 1.7% and 2.9%, respectively, of the total antimicrobial sales in human medicine. Aminoglycosides and polymyxins also accounted for significant sales in veterinary medicines (5.9% and 4.9%, respectively, of total veterinary antimicrobial sales in 2005), whereas they represented just 0.2% of total sales in human medicine. b-Lactams accounted for the highest sales in human medicine (51.6% of total sales) but only 8.3% of total sales in veterinary medicine. Macrolide sales in human medicine were quite high at 14.8% (9% of total antimicrobial sales in veterinary medicine)
The veterinary sector accounted for 60% of the total amount of antimicrobials sold in France in 2005 and the human sector to 40%. However, the contributions of the two sectors differed with regard to the total animal and human biomasses calculated between 1999 and 2005 ( presented in Table 2 ). In 2005, the calculated ratio of mg of active ingredient sold per kg of live weight of potential users was 2.4 times higher in human medicine than in veterinary medicine. Despite similar sales trends in both sectors (Table 2) , with a decrease between 2000 and 2004 and followed by a slight increase in 2005, changes in biomass resulted in a difference in ratio trends. Human biomass increased during the study period, whereas animal biomass has decreased since 2001, leading to a relatively stable ratio expressed in mg/kg of live weight.
Discussion
This study was based on existing monitoring systems with no modifications or complementary data acquisition. Comparison of antimicrobial drugs allowed was performed using data gathered from national agencies' registers for the year 2007. As no changes have occurred, the qualitative comparison can be considered to accurately reflect the therapeutic antimicrobial veterinary and human arsenal currently in use. The quantitative comparison was based on antimicrobial sales surveys in human and veterinary medicine. Sales were interpreted as representing antimicrobial consumption. Nevertheless, annual sales do not necessarily correspond to annual usage, especially when reforms interfere with drug distribution, as may have been the case in human medicine during 2005. Indeed, a reform of the distribution margins system in France (which came into effect in January 2006) prompted the mass purchase of generics, including antimicrobials, by chemists at the end of 2005. This resulted in a potential discrepancy between sales of antimicrobials and actual human consumption in 2005. A small proportion of antimicrobials registered for human usage may also have been prescribed by veterinarians to treat pets and might therefore be misclassified and erroneously attributed to human usage. Although the sales data for human and veterinary antimicrobials were acquired independently, the methodologies were similar. The survey for human antimicrobial usage was based on official sales declarations to AFSSAPS, whereas the survey of antimicrobials in animals was based on voluntary declarations to AFSSA from marketing authorization holders. Nevertheless, the voluntary declaration of antimicrobial sales in veterinary medicine is exhaustive and covers all medicinal products sold in the French market. The methods were harmonized to obtain comparable results, allowing for the antimicrobials to be grouped into the same classes, as different standards were usually used in the two surveys. All pharmaceutical forms and administration routes were included in both sectors, although topical forms are not usually included in human surveys. These harmonization efforts explain differences between these results and those in previously published reports. 4, 19 Moreover antimicrobial human sales, usually expressed in DDD, were converted into tonnage to permit comparison with antimicrobials used in veterinary medicine. The DDD indicator, 11 now widely used in international studies of human drug consumption, was not adopted for the quantitative comparison of usages, because the veterinary consumption of antimicrobials cannot be converted into a number of DDDs. To date, no international standard corresponding to the human DDD has been set for veterinary medicine. 20 Moreover, this would have to be defined by species and consumption cannot be related to the different species with precision. Another standard, i.e. tonnage, was therefore chosen to express both human and veterinary antimicrobial consumption. The weight of active ingredient limits data interpretation as it does not reflect the number of treatments received by either animals or humans, due to large differences between antimicrobials in the dose prescribed. 21 An indirect estimate of usage intensity in animal and human populations was obtained by expressing the amount of antimicrobials sold annually in milligrams in relation to the calculated biomass of humans and animals for the corresponding year. The biomass calculation was based on census. Age and sex were taken into account in the human population to assign the correct average live weight to each population category. In the animal population, all species likely to be treated were considered, namely all farm and pet species, including minor species such as farm game.
The heterogeneity of the probability of exposure to antimicrobials within the population was not included in the calculation. This has been well characterized in the human population, 22 but would have been difficult to quantify for each animal species. As a result, all kilograms of live weight were considered to present the same probability of being Table 1 ). treated, thereby overestimating the biomass actually exposed to antimicrobials. The qualitative comparison of antimicrobials used in human and veterinary medicine shows that the great majority of antimicrobial classes are used in both sectors. But some antimicrobials used in both populations may be limited to a specific use in animals, e.g. chloramphenicol and nitrofuran derivatives are banned for veterinary use in food-producing animals. For antimicrobials in the 'antibiotics for treatment of tuberculosis' group in the ACT and ATCvet classifications (J04AB and QJ04AB), only one product (rifamycin) is authorized and for intramammary use only (quoted QJ54AB). Nevertheless, an evident overlap exists between the human and veterinarian antimicrobial arsenal. This overlap is consistent with the recent analysis of human and veterinary arsenal based on the critical antibiotic concept. 9 The international organizations involved in the analysis stated that this overlap highlights the need to use all antimicrobials with prudence and also to obtain data on the extent of antimicrobial usage in animals so that priorities, in the risk assessment of non-human use of antimicrobials, can be ranked. 9 This approach should consider the quantitative use of antimicrobials in animals as well as criteria such as the perceived importance of antimicrobial use in humans.
The veterinary usage trends and patterns were evaluated from the surveillance of antimicrobial usage implemented since 1999. Veterinary antimicrobial drug sales in total tonnage were globally stable with similar values in both 1999 and 2005. Slight fluctuations could be linked to factors such as changes in animal demography, epidemiological situation, appearance or disappearance of products on the market, cost of the products and actions for the prudent use of antimicrobials. The main variations during the observation period were for cephalosporins, fluoroquinolones and macrolides (sales increase of 38.4%, 31.6% and 28.1%, respectively) and for sulphonamides/trimethoprim and other quinolones (sales decrease of 18.6% and 17%, respectively). The increased sales of macrolides between 1999 and 2002 were probably brought about by the withdrawal of most antimicrobials used as growth promoters, as observed in other countries, 23 although this effect has tended to decrease since 2002.
Sales trends in human medicine show a regular decrease. This highlights the impact of campaigns and initiatives in France for a few years now to prevent antimicrobial resistance and promote prudent use of these drugs. 24 Although not yet corroborated by prescription data, everything suggests that the two phenomena occurred simultaneously i.e. reduced antimicrobial consumption (antibacterial for systemic use, J01 ATC code), together with a partial shift from cephalosporins consumption (i.e. other b-lactam class) to broad-spectrum antimicrobials (b-lactams alone or in combination such as amoxicillin combined with a specific enzyme inhibitor). The apparent increase observed in 2005 does not reflect a reversal of tendency but mainly results from epidemiological factors (influenza-like diseases) and economic factors such as the reform of distribution margins which affected generic purchases and led to increased acquisition by chemists of antimicrobials such as amoxicillin, amoxicillin in combination with clavulanic acid, and so on.
The proportion of topical forms rose slightly during the study period. This can be attributed to a slower decrease in consumption of topical forms than of other forms (i.e. antibacterial for systemic use, J01 ATC code). Withdrawal of marketing authorizations, after reassessment of the benefit/risk ratio, con- The quantitative data show that veterinary sales exceeded human sales in latter years. In 2005, the total antimicrobial sales in veterinary medicine (1320 tonnes) were 1.7 times higher than the total antimicrobial sales in human medicine (760 tonnes), representing 63.5% of the two combined. However, the patterns of antimicrobials usage differed markedly between humans and animals. The main classes were different (i.e. tetracyclines and sulphonamides in veterinary medicine and b-lactams in human medicine), and sales of the newer classes of antimicrobialscephalosporins (quoted as other b-lactams) and fluoroquinolones-were markedly higher in human medicine than in veterinary medicine. Furthermore, in addition to differences in patterns, the ratio between the total tonnage of antimicrobial sales and the potential weight to be treated in human and veterinary medicine was also different. The ratio in milligrams of antimicrobial per kilogram of weight per year was 220 mg/kg/ year for humans and 80 mg/kg/year for animals. As a result, humans potentially receive almost three times more antimicrobials than animals. Similar estimates [56 mg/kg of body weight (bw) used in animals and 241 mg/kg bw in humans] were obtained in a previous study comparing human and veterinary antimicrobial consumption in the European Union in 1997. 6 A detailed comparison of international studies remains difficult, given the different approaches and methodologies used. Antimicrobial sales surveys are conducted in various other European countries (Denmark, 25 Finland, 26 the Netherlands, 27 the UK, 8 Norway 28 and Sweden
29
) using different methodologies for veterinary sales monitoring. The distinctions between antimicrobial classes are not necessarily the same (e.g. distinction between fluoroquinolones and other quinolones or between combinations), and topical forms or formulations strictly intended for pets are not always included. Moreover, human usage is rarely reported in weight of active ingredient, as the DDD unit is usually employed. Nevertheless, the main French observations have also been reported in other countries, such as the predominance of animal antimicrobial sales in total usage in tonnes which has been reported in Denmark 25 and the UK. 8 Similarly, differences between the patterns of human and animal usage have been constantly reported, with aminoglycosides, tetracyclines and sulphonamides being mainly used in animals and b-lactams in humans. 7, 8 Usage patterns in human medicine have already been compared between European union countries as part of the ESAC programme. 30 Comparison of antimicrobials usage in veterinary medicine is more difficult as the term 'animal' includes different species. The global 'animal' usage of antimicrobials is influenced by the relative importance of the different species and their own patterns of consumption. Moreover, expressing antimicrobial use in terms of the quantity of active substance does not directly represent the number of treatments received by animals or humans. Data concerning usage in animals should therefore be considered as a 'compartment' estimate in an antimicrobial resistance 31 or environmental risk analysis 32 context rather than as estimates of practices and selective pressure intensity. The interest of these surveys is also to reveal trends and evaluate the results of management policies set up to reduce antimicrobial use. The decrease in human usage can be considered to result from the promotion of a prudent and rational usage of antimicrobials. Efforts should now be pursued for the prudent and rational use of antimicrobials in both human and veterinary medicine.
